Abstract A full wave three dimensional meshless approach for electromagnetic transient simulations is presented. The smoothed particle hydrodynamic (SPH) method is used by considering the particles as interpolation points, arbitrarily placed in the computational domain. Maxwell's equations in time domain with the assigned boundary and initial conditions are numerically solved by means of the proposed method. The computational tool is assessed and, for the first time, a 3D test problem is simulated in order to validate the proposed approach.
Introduction
The meshless methods have been successfully used in the simulation of a wide range of applications in many different areas. These methods are a good choice especially when irregular problems geometry with diffused non-homogeneous media have to be modelled. In fact, the main attractiveness of the meshless methods lie in avoiding mesh generation and in using a set of arbitrarily distributed nodes within the problem domain. Moreover, meshless methods can also perform adaptive schemes by adding nodes where fine geometry description is needed. Among meshless methods, smoothed particle hydrodynamics (SPH) [1] [2] [3] [4] [5] [6] [7] [8] [9] has been recently re-formulated by the authors, and implemented in the so-called smoothed particle electromagnetics (SPEM) method: this in order to solve transient electromagnetic problems directly in time domain [10] [11] [12] [13] [14] [15] . In SPEM two set of electric and magnetic nodes (particles) have to be generated keeping information about electric and magnetic field components, respectively. The particles are the points in which the field components are computed at each time step, by using the information belonging to the neighbouring ones. In the paper, the proposed computational tool is assessed and, for the first time, a 3D test problem is simulated and validated. Moreover, in simulating EM fields it is often necessary to control regions with high localized field gradient or reproduce irregular geometries of the problem domain. In these cases uneven particles distribution has to be considered, and consistency restoring techniques have to be introduced. This problem [16] , already addressed in 2D simulations [14, 15] , will be treated in a forthcoming work for 3D structures. A brief outline of SPEM general is presented in Sect. 2. In Sect. 3 3D test problem is simulated in order to validate and generalize the SPEM method.
Fundamental of SPEM Method
Following the main features of SPH method, the first step in SPEM is the approximation of a field function by means of the integral representation named as kernel approximation. To this aim, a smoothing kernel function W .r r 0 ; h/ depending only by spatial parameters (i.e. h, the so-called smoothing length) is introduced; it is multiplied for the field function f .r/ and integrated over the problem domain:
The W .r r 0 ; h/ function should satisfy the following conditions:
where˛is a constant related to the smoothing kernel for the particle at r. The spatial derivatives of field functions can be easily approximated in SPH. It is interesting to underline that spatial differential operator is transmitted only to the smoothing kernel [1] . By introducing a number of particles covering the problem domain, the kernel approximation can be discretized. The compact condition (5) imposed on the smoothing kernel involves that only a finite number of particles referred as nearest neighboring particles (NNP) have to be considered for a satisfactory approximation.
